Some of the main reasons for noncompliance with dosage instructions in infants and children are unsavory or bitter taste, formulations which are very powdery, and multiple dosings. [1] [2] [3] Powdery medicines in particular often taste unpleasant, even in taste-masked formulations. Recently, a number of jelly products have been developed that aim to improve compliance by aiding swallowing. [4] [5] [6] [7] When the drug is incorporated in the jelly product, swallowing is made easier due to its moderate adhesion and liquidity while drug adsorption by the tongue is prevented, and bitterness perception is thereby decreased. Fukui has reported on the physicochemical characteristics of jellies, such as viscosity, strength, loss of water content, and its effect on swallowing. 8) There are, however, few reports in which jellies have been evaluated from the viewpoint of bitterness suppression.
We have already quantitatively evaluated the bitterness of several human pharmaceuticals using the taste sensor. 9, 10) In particular, the relation between the concentration of various pediatric antibiotics and their bitterness intensity has been investigated, as well as the effect of mixing the drugs with various beverages on palatability. The usefulness of the taste sensor in predicting the bitterness of these antibiotic mixtures was confirmed. [11] [12] [13] [14] In the present study, we evaluated bitterness suppression of dry syrups containing the macrolides clarithromycin (CAM) or azithromycin (AZM), both of which are extremely bitter, by the addition of jellies, using gustatory sensation tests and the taste sensor. The concentrations of CAM and AZM in solutions extracted from physical mixtures of dry syrup and jelly were determined by HPLC. Finally, dissolution tests were performed on a mixture of dry syrup and chocolate jelly and on dry syrup alone to confirm the equality of dissolution profile.
erence solution (Vr) and then into the sample (Vs). The relative sensor output is represented as the difference (VsϪVr) between the potentials of the sample and the reference solution. The electrode is rinsed with 40 ml of a fresh reference solution three times for 6 s, before being dipped into a fresh reference solution for 30 s. The detected potential of the reference solution is defined as VrЈ. The difference (VrЈϪVr) between the potentials of the reference solution before and after sample measurement is defined as CPA (change of membrane potential caused by adsorption) and corresponds to aftertaste. The electrode is rinsed with 120 ml of another fresh reference solution for 6 min. Each measuring time for Vr, Vs, and VrЈ was set at 30 s.
In the present study, relative sensor output values and CPA values were used to predict bitterness. The data were analyzed with S-PLUS 2000J (Mathematical Systems Inc., Tokyo, Japan).
Measurements of pH The pH of jelly alone and physical mixtures of dry syrup and jelly were measured immediately after preparation using a pH meter (HORIBA, F-21, Kyoto, Japan).
Determination of Drug Concentration in Solutions Extracted from Mixtures of Dry Syrup and Jelly
The determination of the concentration of drug in solutions extracted from mixtures of dry syrup and jelly was performed as shown in Fig. 1 . After mixing the dry syrup and jelly for 30 s, 2 ml water were added and the solution was mixed for a further 30 s. The mixture was centrifuged at 2000 rpm for 10 min, and the supernatant was diluted with buffer pH 11 (2-fold for chocolate jelly, 10-fold for paste jelly and water jelly). A 1.5-ml sample of this solution was prepared by ultrafiltration, and the concentrations of CAM or AZM in the filtered solution were determined using HPLC. For the HPLC, 100 ml was injected onto a chromatograph (Shimadzu LC-10AT, Kyoto, Japan) equipped with a UV detector (Shimadzu SPD-10A, Kyoto, Japan), an integrator (Shimadzu C-R7Ae plus, Kyoto, Japan) and a reverse-phase column (Asahipak-ODP-50 4E, 4.6 mm i.d.ϫ250 mm, Showa denko, Tokyo, Japan). The column temperature was set at 40°C. The following mobile phase system was used: 40 mmol/l K 2 HPO 4 solution (with 10% (w/v) KOH solution, pH 11) : acetonitrileϭ2 : 3. The flow rate was 1.0 ml/min. The wavelength was set at 215 nm. The significance of the differences between the concentrations of samples was determined using Tukey's test or Dunnet's test.
Dissolution Test
The in vitro dissolution profile of CAM and AZM from mixtures of dry syrup and chocolate jelly were determined according to the paddle method (Japanese Pharmacopoeia (JP), XIV). The dissolution medium was phosphate buffer solution, warmed to 37°C, with the pH adjusted to 4 or 6.8. The paddle speed was set at 100 rpm. The mixtures of 0.2 g of CAMD or AZMD and 10 ml of jelly were suspended in 900 ml solution, and 5 ml samples were withdrawn at 1, 5, 10, 30, 60 min. The samples were filtered through a membrane filter, pore size 0.45 mm, and the concentrations of CAM and AZM in the filtrate were determined by HPLC.
Results and Discussion
Relationship between the Bitterness Intensity Obtained in Gustatory Sensation Test and That Predicted by the Taste Sensor for Mixtures of Dry Syrup and Jelly Figure  2 shows the relationship between the bitterness intensity evaluated in gustatory sensation tests and that predicted by the taste sensor for mixtures of dry syrup and jelly.
In human gustatory sensation tests, bitterness was evaluated at two time points: when the sample had been in the mouth for 5 s, which we termed 'immediate bitterness', and directly after the sample had been ejected from the mouth, after rinsing with water, which we termed 'after-bitterness'. The immediate bitterness of a CAMD water suspension (control) was 1.0 in gustatory sensation tests ( Fig. 2A) , while that of mixtures of CAMD and chocolate jelly, paste jelly and water jelly were 0.2, 3.0, and 4.0, respectively. The immediate bitterness of an AZMD water suspension (control) was 0.4 in gustatory sensation tests (Fig. 2B ), while those of mixtures of AZMD and chocolate jelly, paste jelly and water jelly were 0, 2.0, and 2.2, respectively. Thus, the paste and water jellies greatly enhanced the bitterness of both dry syrups, while the bitterness of mixture of chocolate jelly and AZMD (Commercially available from December, 2004) was successfully suppressed compared with that of water suspension of AZMD even though the bitterness of water suspension of AZMD was not so severe. A similar tendency was confirmed for after-bitterness (Figs. 2C, D). Bitterness intensity was predicted by regression analysis of the output value of the taste sensor. For the immediate and after-bitterness of CAMD, relative values (R) and CPA val- ues (CPA) of channel 3 (the channel that responded best to the macrolide antibiotics) were used in the analysis. 11) As a result, a good correlation was confirmed between the actual bitterness obtained in the gustatory sensation test and the predicted bitterness obtained from the sensor; the correlation coefficient was 0.892 (immediate bitterness) and 0.926 (after-bitterness), as shown in Figs. 2A and C, respectively. The discrepancy between observed and predicted bitterness might be caused by difference of adsorption characteristics of drug on lipid-bilayer membrane of the receptor on human tongue and on the sensor membrane. We have to dissolve this issue by modifying the component of the sensor membranes in the future.
For the bitterness of AZMD, the CPA of channel 4 was also used in the analysis. A good correlation was confirmed between actual bitterness obtained in the gustatory sensation test and that predicted by the taste sensor; the correlation coefficient was 0.94 (immediate bitterness) and 1.0 (after-bitterness), as shown in Figs. 2B and D, respectively. Therefore, the taste sensor was able to predict the bitterness not only of liquid and suspension samples but also of mixtures such as that of dry syrup and jelly.
Bitterness Suppression by Jellies As described above, the paste and water jellies greatly enhanced bitterness while the chocolate jelly suppressed bitterness, compared with the water suspension of the dry syrups. The pH of the jelly is thought to be the reason for this effect. Co-administration of any acid drink, such as orange juice, with the dry syrup will make the product taste more bitter, because macrolides are basic drugs. 13, 14) In order to examine whether the pH of the jelly affects the bitterness-suppressing effect, the pH of the jelly alone, the pH of a mixture of dry syrup and jelly, and the concentration of drug in the solution extracted from the mixture of dry syrup and jelly, were measured as follows:
pH Measurement of Jelly Alone and Mixtures of Dry Syrup and Jelly As shown in Fig. 3 , the pH of the chocolate jelly was 6.4, almost neutral, while in mixtures of CAMD (or AZMD) and chocolate jelly the pH shifted to 7.3 (or 8.2), respectively, because of the basic components in the dry syrup product. 16, 17) This fact suggests that the solubility of CAM or AZM in chocolate jelly was low, since solubility of basic drugs increases as pH decreases.
On the other hand, the pHs of the paste jelly and the water jelly were 3.8 and 3.7, respectively, and mixtures of these jellies with CAMD (or AZMD) maintained their acidity (4.8 and 4.6 for CAMD, and 5.1 and 4.6 for AZMD, respectively). It is probable that the pH of these mixtures remained acidic due to the buffering capacity of these acidic jellies. This result suggests that the mixture of an acidic paste or water jelly with the dry syrup enhanced the dissolution of the CAM and AZM. Table 1 shows the concentration of the drug in solutions extracted from mixtures of CAMD or AZMD and jelly. The concentration of CAM in water suspensions of CAMD (as control) was 18.1 mg/ml, while concentrations of CAM in solutions extracted from mixtures of CAMD with chocolate, paste, and water jelly mixtures were 13.7 mg/ml, 1178.2 mg/ml and 1374.8 mg/ml, respectively. In other words, the concentrations of CAM in the solutions from mixtures of CAMD and acidic jellies were almost 70 times that of the control, and almost 90 times that of the mixture with chocolate jelly. This result shows that acid jellies enhance the dissolution of basic CAM from CAMD. This is thought to be due to promotion of the dissolution of an acidsoluble polymer, aminoalkyl methacrylate copolymer E, which is present in the dry syrup to aid dissolution of CAM in stomach (below pH 5), and the fact that acid jellies enhance the solubility of basic CAM itself. 16) On the other hand, the concentration of CAM in the solution extracted from the mixture of CAMD and chocolate jelly was lower than the control. It was suggested that dissolution of CAM from the jelly was suppressed by the jelly network structure.
Drug Concentrations in Solutions Extracted from Dry Syrup/Jelly Mixtures
The concentration of CAM in the solution extracted from the mixture with the chocolate jelly was 13.7 mg/ml; the corresponding immediate bitterness intensity in human gustatory sensation test was 0.2. This result shows good agreement with a report that the bitterness threshold of CAM is 14 mg/ml. 16) Similarly, the immediate bitterness intensity of the mixture of CAMD and the water jelly was 4, and the corresponding concentration in the extracted solution was 1374.8 mg/ml. This result agrees with our previous report that CAM solutions of 240 mg/ml or more have a bitterness intensity of 4.
12) However, the bitterness intensity of the mixture of CAMD and the paste jelly was 3, even though the concentration of CAM in the solution extracted from a mixture of CAMD and the paste jelly was 1178.2 mg/ml.
The obtained high CAM concentration of the extracted sample might be different from actual CAM concentration in jelly. The considerably strong condition might result in a strong extraction of drug from the mixture of jelly. In addition, it was thought to be due to suppression of the dissolution of the CAM in the paste jelly in the mouth due to the higher viscosity of the paste jelly, and also to bitterness suppression by an additive in the paste jelly. The AZM concentration in the water suspension of AZMD (control) was 33.1 mg/ml, while the concentrations in solutions extracted from mixtures of AZMD and chocolate, paste, and water jellies were 119.8 mg/ml, 1210.9 mg/ml, and 876.5 mg/ml, respectively. These results show that the dissolution of basic AZM from AZMD is enhanced by mixing the dry syrup with acidic jellies, for the same reasons discussed for CAMD above.
However, the concentration of AZM (119.8 mg/ml) in the solution extracted from the mixture of AZMD and chocolate jelly was four times higher than the control (33.1 mg/ml), while the bitterness intensity was lower. It is suggested that the dissolution of the AZM from the chocolate jelly in the mouth is suppressed by the network structure of the chocolate jelly, while its bitterness is suppressed by the cocoa element in the chocolate jelly.
It can be concluded that dissolution of a drug from a dry syrup/jelly mixture is largely dependent on the pH of the jelly, which greatly influences bitterness suppression.
Influence of Ratio of Jelly to Dry Syrup on Bitterness Patients, especially infants, are likely to become noncompliant when large volumes of jelly have to be given. In order to examine the effect of the ratio of the amount of chocolate jelly to CAMD, concentrations of CAM in solutions extracted from different mixtures of chocolate jelly with CAMD were measured and compared with the results of gustatory sensation tests of the mixture.
When the chocolate jelly : CAMD ratio was 25, 50, and 77, the bitterness intensities in gustatory sensation test were 0.7, 0.2, and 0, respectively, and the corresponding concentrations of CAM in the solution extracted were 16.9 mg/ml, 13.7 mg/ml, and 8.5 mg/ml, respectively (Table 2) . Increasing the proportion of jelly therefore results in decreasing concentrations of drug in the extract, and decreasing bitterness in gustatory sensation tests.
If the chocolate jelly : CAMD ratio is over 25, bitterness appears to be sufficiently suppressed not to cause an unpleasant taste.
Dissolution Test A dissolution test, using the paddle method, was performed in order to compare the dissolution of drug from the dry syrup alone and from a mixture of dry syrup and chocolate jelly, since there is a possibility that a difference in dissolution profile would cause reduced bioavailability.
The dissolution media were phosphate buffer solutions of pH 4 and 6.8 (CAM and AZM were unstable at pH 3 or less). 18) Figure 4 shows the dissolution profile of CAM and AZM from dry syrup alone, and from a mixture of dry syrup and chocolate jelly.
CAMD alone shows a pH-dependent dissolution profile, dissolution % was 90% or more at pH 4 at 30 min, and 5% or less at pH 6.8 at 60 min, as shown in Fig. 4A . The corresponding dissolution rate constants, k, were 87.2 (ϫ10 Ϫ3 min Ϫ1 ) and 1.8 (ϫ10 Ϫ3 min Ϫ1 ), respectively, as shown in Table 3 . AZMD alone shows a pH-dependent dissolution profile (Fig.  4B) ), respectively, for mixtures of AZMD and chocolate jelly. Mixtures of both macrolide dry syrups and chocolate jelly showed a pH-dependent dissolution profile, as did dry syrup alone.
The equivalence of the dissolution profiles was determined according to the 'Guideline for Bioequivalence Studies of Generic Products'. 19) Because the average dissolution % of CAM or AZM from mixtures of dry syrup and chocolate jelly did not deviate by more than 15% from that of dry syrup alone, it was judged that the dissolution profiles of the mixtures of dry syrup and chocolate jelly were the same as for dry syrup alone.
Thus, it was concluded that the addition of chocolate jelly would not influence the bioavailability of the macrolides or their dissolution profile in the intestine. 
Conclusions
The bitterness of CAMD and AZMD was increased when the dry syrup was mixed with an acidic jelly and suppressed when mixed with a neutral jelly. The bitterness of the dry syrup/jelly mixtures could be predicted using a taste sensor. It was suggested that the different effects of the jellies were due to differences in the dissolution of the drugs (CAM and AZM) at an acidic pH, because the concentration of the drug in the solution extracted from the mixture of dry syrup and acidic jelly was almost 90 times higher than that of the chocolate jelly for CAMD, and almost 7-10 times higher than that of the chocolate jelly for AZMD. The dissolution profile of the drug from a mixture of dry syrup and chocolate jelly was equivalent to that from dry syrup alone; it was therefore not expected that the chocolate jelly would influence the drug's dissolution profile in the intestine or its bioavailability.
Thus, the chocolate jelly suppressed the bitterness of the two antibiotics by making use of their physical properties. The effect of the suppression of bitterness by chocolate jelly seems superior to that of the flavor. The jelly could successfully protect direct exposure of dry syrup to the tongue as physical barrier. Whereas flavor could compete the dissolved drug on the bitterness-receptor site on tongue or stimulate sweetness-receptor. Nevertheless, its taste-masking efficiency does not seem so high since flavor could not compete high concentrated of dissolved drug and protect following bitterness perception completely.
Patients usually have to take 10-30 ml of chocolate jelly with dry syrup at a time. This amount seems much larger than that of flavor. The dry syrup should be mixed with the jelly uniformly and gently within a limited time to avoid another drug release, and be taken immediately just after preparation of physical mixture.
The chocolate jelly with neutral pH could minimize solubility of basic macrolide drug in jelly and thereby restrict the bitterness perception of drug. The jelly may contribute to the improvement of patient compliance of medicines with bitterness.
